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Description 

1. INTRODUCTION 

s This invention provides a method and apparatus for analysing a polynucleotide sequence either an 

unknown sequence or a known sequence. A support, e.g. a glass plate, carries an array of the whole or a 
chosen pan of a complete set of oligonucleotides, the different oligonucleotides occupying separate cells of 
the array and bang capable of taking part in hybridisation reactions. The array may comprise one or more 
pa,rs of oligonucleotides. The polynucleotide sequence, or fragments thereof, are labelled and applied to 

w the array under hybridising conditions. Applications include analysis of known point mutations genomic 
fingerpr.nt.ng. I.nkage analysis, characterisation of mRNAs. mRNA populations, and sequence determina- 
lion. 

- Three methods dominate molecular analysis of nucleic acid sequences: gel electrophoresis of restric- 
ts fragments, molecular hybridisation, and the rapid DNA sequencing methods. These three methods have 
is a very w,de range of applications in biology, both in basic studies, and in the applied areas of the subject 
such as medicine and agriculture. Some idea of the scale on which the methods are now used is given by 
tne rate of accumulation of DNA sequences, which is now well over one million base pairs a year However 
powerful as they are. they have their limitations. The restriction fragment and hybridisation methods give a 
coarse analys.s of an extensive region, but are rapid: sequence analysis gives the ultimate resolution but it 
x is slow, analysing only a short stretch at a time. There is a need for methods which are faster than th« 
present methods, and in particular for methods which cover a large amount of sequence in each analysis 

Th,s invention provides a new approach which produces both a fingerprint and a partial or comply 
sequence in a single analysis, and may be used directly with complex DNAs and populations of RNA 
without the need for cloning. 
a in one aspect the invention provides a method of analysing a polynucleotide sequence by th- 0 «* o' a 
support to the surface of which is attached an array of the whole or a chosen part of a comply s *t o' ' 
oligonucleotides of chosen lengths, the different oligonucleotides occupying separate ells of a'-ay 
wn.ch method comprises labelling the polynucleotide sequence or fragments thereof, applying ";r~* poly- 
nucleotide sequence or fragments tnereof under hybridisation conditions to the array and oS^'v.n* f.» 
location of the label on the surface associated with particular memoers of the set of oliconucieoMks ' 

in another aspect, the invention provides apparatus suitable for analysing a polynucleotide «q.^n-e -■ 
the aoove method, comprising a support and attached to a surface thereof, an array of tfi» whoVo^a 
cnosen par, of a complete set of oligonucleotides of chosen lengths the different oligonucleotides c-cJ—t.- 
sepa.-ate cells of the array and being capable of taking pan in hybridisation reactions. = 

In another aspect, the invention provides a method for generating an array of oligonucleotide 
discrete ceils of a support material comprising the steps of 

a) segregating a support material into discrete cell locations: 

b) coupling a nucleotide to a first set of cell locations: 

c) coupling a nucleotide to a second set of cell locations: 
-o d) coupling a nucleotide to a third set of cell locations: 

e) and continuing the sequence of coupling steps unt.l the desired array has been generated 
the coupling being effected at each location either to the surface of the support or to a nucleoid 
coupled m a previous step at that location. 

The oligonucleotides of the array are preferably of defined sequence, and preferably bound to tn« 
suppon by a covalent link through a terminal nucleotide. 

The idea of the invention is thus to provide a structured array of the whole or a chosen part of a 
complete set of oligonucleotides of one or several chosen lengths. The array, which may be laid out on a 
supporting dim or glass plate, forms the target for a hybridisation reaction. The chosen conditions of 
hybnd.sat.on and the length of the oligonucleotides must at all events be sufficient for the avai'aoe 
equipment to be able to discriminate between exactly matched and mismatched oligonucleotides in the 
hybridisation reaction, the array is explored by a labelled probe, which may comprise oligomers of tne 
chosen length or longer polynucleotide sequences or fragments, and whose nature depends on the 
particular application. For example, the probe may comprise labelled sequences amplified from genomic 
DNA by the polymerase chain reaction, or a mRNA population, or a complete set of oligonucleotides from a 
complex sequence .such as an entire genome. The end result is a set of filled cells corresponding to the 
oligonucleotides present in the analysed sequence, and a set of "empty" sites corresponding to the 
sequences which are absent in the analysed sequence. The pattern produces a fingerprint representing ail 
of the sequence analysed, in addition, it is possible to assemble most or all of the sequence analysed .f an 
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oligonucleotide length is chosen such that most or all oligonucleotide sequences occur only once. 

The number, the length and the sequences of the oligonucleotides present in the array "lookup table " 
also depend on the application. The array may include all possible oligonucleotides of the chosen length" as 
would be required if there was no sequence information on the sequence to ce analysed. In this case the 
preferred length of oligonucleotide used depends on the length of the sequence to be analysed, and is such 
that there *is likely to be only one copy of any particular oligomer in the sequence to be analysed. Such 
arrays are large. If there is any information available on the sequence to be analysed, the array may be a 
selected subset. For the analysis of a sequence which is known, the size of the array is of the same order 
as length of the sequence, and for many applications, such as the analysis of a gene for mutations, it can 
be quite small. These factors are discussed in detail in what follows. 

2. OLIGONUCLEOTIDES AS SEQUENCE PROBES 

Oligonucleotides form base paired duplexes with oligonucleotides wh.ch have the complementary base 
is sequence. The stability of the duplex is dependent on the length of the oligonucleotides and on base 
composition. Effects of base composition on duplex stability can be greatly reduced by the presence of 
high concentrations of quaternary or tertiary amines. However, there is a strong effect of mismatches in the 
oligonucleotides duplex on the thermal stability of the hybrid, and it is this which makes the technique of 
hybnd.sation with oligonucleotides such a powerful method for the analysis of mutations, and for the 
20 selection of specific sequences for amplification by ONA oolymerase chain reaction. The position of the 
mismatch affects the degree of destabilisat.on. Mismatches in the centre of the duplex may cause a 
lowering of the Tm by 10°C compared with 1°C for a :erm.nal mismatch. There is then a range of 
discriminating power depending on the position of mismatch, which has implications for the method 
described here. There are ways of improving the discriminating power, for example by carrying cut 
:5 hybridisation close to the Tm of the duplex to reduce the rate of formation of mismatched duplexes, ar.c by 
increasing the length of oligonucleotide beyond what is required for unique representation. A way of acme 
this systematically is discussed. " 

3. ANALYSIS Or A PREDETERMINED SEQUENCE 

One of the most powerful uses of oligonucleotide prcces has been m tne cetecnon of smcie case 
changes m human genes. The first example was the detection of the smgle base change in the ce:ag:oc«r. 
gene wnich leads to sickle cell disease. There is a need ;c extend this aqproach to genes in which there 
may be a number of different mutations leading to the same ohenotype. for example the DMD gene and the 
2$ HPRT gene, and to find an efficient way of scanning the human genome for mutations in regions wh.ch 
have been shown by linkage analysis to contain a disease locus for example Huntington's disease and 
Cystic Fibrosis. Any known sequence can be represented completely as a set of overlapping 
oligonucleotides. The size of the set is s + 1 = N, where N is the length of the sequence and s iW.e 
length of an oligomer. A gene of 1 kb for example, may be divided into an overlapping set of around one 
^0 thousand oligonucleotides of any chosen length. An array constructed with each of these oligonucleotides in 
a separate cell can be used as a multiple hybridisation probe to examine the homologous sequence in any 
context, a single-copy gene in the human genome or a messenger RNA among a mixed RNA population, 
for example. The length s may be chosen such that there is only a small probability that any oligomer in the 
sequence is represented elsewhere in the sequence to be analysed. Th.s can be estimated from the 
expression given in the section discussing statistics below. For a less complete analysis it would be 
possible to reduce the size of the array e.g. by a factor of up to 5 by representing the sequence m a partly 
or non-overlapping set. The advantage of using a completely overlapping set is that it provides a more 
precise location of any sequence difference, as the mismatch will scan in s consecutive oligonucleotides. 



J5 



so 4. ANALYSIS OF AN UNDETERMINED SEQUENCE 
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The genomes of all free living organisms are larger than a million base pairs and none has yet been 
sequenced completely. Restriction site mapping reveals only a small part of the sequence, and can detect 
only a small portion of mutations when used to compare two genomes. More efficient methods for analysing 
complex sequences are needed to bring the full power of molecular genetics to bear on the many biological 
problems for which there is no direct access to the gene or genes involved. In many cases, the full 
sequence of the nucleic acids need not be determined: the important sequences are those which differ 
between two nucleic acids. To give three examples: the DNA sequences which are different between a wild 
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type organism and one which carries a mutant can lead the way to isolation of the relevant gene; similarly 
the sequence differences between a cancer cell and its normal counterpart can reveal the cause of 
transformation: and the RNA sequences which differ between two celt types point to the functions which 
distinguish them. These problems can be opened to molecular analysis by a method which identifies 
sequence differences. Using the approach outlined here, such differences can be revealed by hybridising 
the two nucleic acids, for example the genomic DNA of the two genotypes, or the mRNA populations of two 
ceil types to an array of oligonucleotides which represent all possible sequences. Positions in the array 
which- are occupied by one sequence but not by the other show differences in two sequences. This gives 
the sequence information needed to synthesise probes which can then be used to isolate clones of the 
sequence involved. 

4.1 ASSEMBLING THE SEQUENCE INFORMATION 

Sequences can be reconstructed by examining the result of hybridisation to an array. Any 
oligonucleotide of length s from within a long sequence, overlaps with two others over a length s-1. Starting 
from each' positive oligonucleotide, the array may be examined for me four oligonucleotides to~the left and 
the four to the right that can overlap with a one base displacement. If only one of these four 
oligonucleotides is found to be positive to the right, then the overlap and the additional base to the right 
determine s bases in the unknown sequence. The process is repeated m both directions, seeking unique 
matches with other positive oligonucleotides in the array. Each unique match adds a base to the 
reconstructed sequence. 

4.2 SOME STATISTICS 

Any ^sequence of length N can p e broken down to a set cf - N cveriaop.ng sequences s base pairs m 
length. (For double stranded nucleic acids, the sequence complexity of a sequence of N base pairs is 2N. 
because the two strands have different sequences, but for the present purpose, this factor of two is not 
sign.ficant). For oligonucleotides of length s. there are 4* different seouence combinations. How big shou«d s 
be to ensure that most oligonucleotides will oe represented only once in the seouence to be analyses, o^ 
complex. ty N? For a random sequence the expected numoer of s*mers wh.cn W ;it p 9 present ,r. more than 
one copy is 



wnere 



k - (N • s - 1 ) 4 s 

For practical reasons it is also useful to know how many seauences are related to any given s-mer by a 
single base change. Each position can be substituted by one of tnree bases, there are therefore 3s 
sequences related to an individual s-mer by a single base change, and the probability that any s-mer m a 
sequence of N bases is related to any other s-mer m that sequence allowing one substitution is 3s x N 4 s 
The relative signals of matched and mismatched sequences will then depend on how good the hybridisation 
conditions are in distinguishing a perfect match from one whrch differ by a single base. (If 4* is an crcer of 
magnitude greater than N. there should only be a few. 3s 10. related to any oligonucleotide by one case 
change.) The indications' are that the yield of hybrid from the mismatched sequence is a fraction of that 
formed by the perfect duplex. 

For what follows, it is assumed that conditions can be found which allow oligonucleotides wh.ch have 
complements in the probe to be distinguished from those which do not. 

4.3 ARRAY FORMAT. CONSTRUCTION AND SIZE 

To form an idea of the scale of the arrays needed to analyse sequences of different complex.:-/ t ; :S 
convenient to thmk of the array as a square matrix. All sequences of a given length can be represented just 
once m a matrix constructed by drawing four rows representing the four bases, followed by four similar 
columns. This produces a 4 x 4 matrix in wh.ch each of the 16 squares represents one of the 16 doublets. 
Four similar matrices, but one quarter the size, are then drawn With.n each of the original squares This 
produces a 16 x 16 matrix containing all 256 tetranucleotide sequences. Repeating this process produces a 
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ma r,x ;of any chosen depth, s. w,th a number of cells equal to 4'. A S discussed above, the choice of s is of 
g ear -mportance as „ determines the complexity of the sequence representation. As discussed below s 
• leno h'orm r " 9 ° matriX COnS:rUCted ' Wh ' Ch mUSt be «** ^ ** "mptex genomes. Rnally 
h" S on Xr UC e ° U6eS dS!ermineS ^ hybr ' diSa,i0n C ° nditi0nS ™ i 
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me tacie shows the expected scale of the arrays needed to perform the first analyse of > 
„ ^.,cmes. T,e examo.es -ere chosen because they are genomes which have either been sequent 0 ' v 
conventional procedures - the cosmid scale , are in the process cf be,ng sequenced - t h e E. <S sea* V, 
i-r w .. 1C n .here nas been cons.deraoie discussion of the magnitude of the problem - the human « c »'e 
•»'e wows that the expected sca.e of the matrix approach is only a small fraction of the censor* 
a„„-rcccn. ,n,s ,s read.ly seen ,n the area of X-ray film that would be consumed. It is also ^vicen- - a - -r-- 
, .<m B .c«n (or tne an a i. /Sls wouirj be only a small fraction of that needed for gel method The -^r.r- e <~- 
c^rr.r. S no-«s the length of random sequence which wcuid fill about 5% of cells m the ma-rix 7-, s ~\ 
oeen cetermmed to be the optimum condition for the first step in the sequencing strategy cWussee 'b-iow" 
~. ir..s s.ze. a h,gn proportion of the positive signals would represent single occurrences of each oligomer' 
in. .onctior.s needed to compare two genomes for sequence differences. 

5. REFINEMENT OF AN INCOMPLETE SEQUENCE 

in . Q "; C .:" Str " CtiCn ° f 3 COmp ' ex S9 ^ ence P' 0 <^es * result in which the reconstructed sequence is 

™ P °' nt Wh6re a " °' l50mSr th3t iS repea!ed in the S5quence occurs - Some repeats are 

DnI COmp0 " ents of lon 9 ^peating structures which form part of the structural organisation of «h« 

uZ' 1 , t3ndem fePeatS 10 huma " ° NA ' 0r examp,e - But when the ,e "9tn of oligonucleotide" 
b ch , r " Sma " er th3n th3t needed » 9ive t0ta " y unique sequence ^Presentation, repeats 

J* m SuCh , rePeatS are ,ike ' y ,0 be isola,ed - That is - < h * sequences surrounding the reoea^c 
oligomers are unrelated to each other. The gaps caused by these repeats can be removed by extend.no £ 
sequence to longer oligomers. In princip.e. those sequences shown ,o be repeated by iZ V'TlZ 
us,ng an array representation of a .l possible o.igomers. could be resynthesised with an extension a. "ach 
end For each repeated oligomer, there would be 4 x 4 = 16 oligomers in the new matrix. The hybridise-, 
analysis would now be repeated until the sequence was complete. In practice, because the results' of a 
pos.t.ve s.gnal .n the hybridisation may be ambiguous, it may be better to adopt a refinement of tr- 
result by extending all sequences which did not give a clear negative result in the first analysis 
advantage of th,s approach is that extending the sequence brings mismatches which are close to t'e — 
in the shorter ohgomer. closer to the centre in the extended oligomer, increasing the discriminatory oo^' 
of duplex formation. ' • 



ss 5. 1 A HYPOTHETICAL ANALYSIS OF THE SEOUENCE OF BACTERIOPHAGE X DNA 

Lambda phage ONA is 48.502 base pairs tong. Its sequence has been completely determined we have 
treated one strand of this as a test case in a computer simulation of the analysis. The table shows mat tne 
appropriate sue of o.igomer , 0 use for a sequence of th.s complexity is the 10-mer. Witt, a ma,r,x 0 0 
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mers. the s,» was 1024 l.nes square. After "hybridisation" of the lambda ,0-mers in the comouter 46 177 
cells were pos.t.ve. 1957 had double occurrences. 75 triple occurrence and three 1 ! nl ' ^ 
These 46.377 pos,tive cells represented known sequences determined from ,h„ occurrences. 

- a " :s 2 e r r y ,our x one base at me * end and f ° :^ 

- 74..032 cells. Th,s extended set reduced the number of doub.e occurrences to 16, a farther ,6 fn^ 
extens-on- brought ,he number down to .0. and one more provided a com pie e overlaid L,i ™ 
course, the same end result of a fully over.apped sequence could be achieved s a 1 ™ a 4^rS h 
the matnx would be 4000 times bigger than the matrix needed to represent an Z lZ \ \ , 
sequence reoresent^d on it represent all 10-mers. and most of the 



sequence represented on it would be redundant 
5.2 LAYING DOWN THE MATRIX 



- The method described here envisages that the matrix will be produced by synthesisino m;™n 
-n the cells of an array by laying down the precursors for the four taJL^T^^S^T^ 
« example of which is described above. Automatic equipment for applying "he p e c u s Ts ti , T ? 
developed, but there are obvious possibi.ites: it should no. be difficult I aoao a oe 2 * ' '° 
compu.er.con,o,led prin.ing device to the purpose. The smal.er the p x , Le of the ar a 
complex genomes need very large numbers of cells. However there are limi ,« £ \ ' * % 

made. ,00 microns would be a fairly comfortable W ^£^^^™1T ^ 

« for reasons of .ex.ure and diffusion. On a smooth impermeable surfac- such as qlas if™ T ^ 
ach,eve a resolution of around ,0 microns, for example by using a la er IpesS iZ* " 
kalian. gr,d. and building t he oligonucleotides in ,he exposed reg.ons One ait vt n ^ , ' 
allows adaptat.on of present techniques of oligonucleotide synthesis s ^ 5^^™ '° ,!y '. Ch 
rnicroscop, patches onto the surface of a glass piate. Lay.ng down very , ™Z L , 0 n S ^cc^ouK 

3» .a*e a long ;,me. ,f the printing mechanism were slow However a low cost J< J 

»«« - ,0.000 SM , S P ,. s ,„„ a . w„ „, „ „, ^ ^zi^^^z: 

5.3 OLIGONUCLEOTIDE SYNTHESIS 

30 

There are several methods of symhes.s.ng oligonucieci.des. Mcs. methods in c-rr-nt use - aM 
nuc.90t.des to a solid support of controlled pore size g.ass (CPG, and ar= S u,:a^t r if* "V " ? 
syntnes.s on a g.ass surface. Although we know of no description of the d.rec- ^,1 ? ! ° 
hybridation probes while still attached to the matrix on which ,hey Jjl S yZ stc hTa"! " " 
M the use oligonucleotides as hybr.d.sat.on probes on so-d suoports to wh r \ e ' £ 

' 7cpg'L r PD "' Cati0n W ° 85 0,05, deSCfibeS 2 meth0 ° ' 0r s Vn.hes,sing ^l,gonu=Sdes' 
a CPG column. In an experiment performed by us. CPG was used as the support In an Ann, ^ i 
ohconucleotide synthesiser ,0 synthesise a ,3-mer complementary « ^ he ' ha d coTL V^T 
lamoca. Tne coupling steps were all close ,0 theoretical ye.d. The first base was s'ab v - "h ad 
<o support medium through all the synthesis and depletion steps by a covalen. lin k * '° ^ 

6. PROBES. HYBRIDISATION AND DETECTION 

.. ™* f 6W °' 0l, '9° nucleo,ides synthesised on m.croporous g.ass is about 30 um 0 l q A oa.ch of m , 
^5 notenal . m,cron .hick by ,0 m.crons square would hold - 3 x ,0-:- umo. equTatn, ,o JT, 1 
human DNA. The hybridation reaction could therefore be carried out with a very ,a ge 2 e ° s oZ boV' 
• ;!'90*c«~M.s over ma, in the probe. So i, should be possible .0 des g * syste" c Pab.e 0 

,d wi,', S I"' „ bet : een , hybridisat - *g'e and occurrances 0' the probe sequen 1 a 

y.elc I w,il be propomonal to concentration at all stages in the reaction sequen... 2 c 

so The polynucleotide sequence to be analysed may be of DNA or Rna To orpn^ , ho 

Polynucleotide may be degraded to form fragments. Preferably "i, t^d .^cn 5 , ! 

Z*Z 2 \ P T be - l ° " avera9S ,en9th M ,he chosen « °' - olgonuc'eofderon 

,S r ri ° 90merS °' eX3Ct ' en9,h S Se,eC,ed by pnores,s on a sequencing gel The probe i 

ss adiJcl T lrt FOr , eXam . Ple - o^onucleotides of length s may be end .abel.ed. I, labeL w,th % „ 1 
55 rad.oact.ve y.eld of any .nd.vidual s-mer even from total human DNA could be more than ,0' L, , 

a lows hyb,.d.sa.,on cond.t.ons to be chosen ,0 be Cose ,0 the Tm of duplexes, which decreases ' e I d 
of hybr,d and decreases .he rate of formation, bu, increases the discriminating power sZVe VolZ 
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oligonucleotide is in excess, signal need not be a problem even working close to ecuili-rium 

Hybnd-sation conditions can be chosen to be those known to be suitable in standard crac-dur-s u.*r 
to hyond.se to Mters. but establishing optimum conditions is imponant In particular 1 w 
be controlled closely, preferably to better than :0.5'C. ParLar.y w he ' h c Tj T .iT?' " 
, oligonucleotide is sma... the analysis needs to be able to distinguish betwee l ht Z e T I "* 
and.-or extent of hybridisation. The equipment may need to be programmed Ir ri^ V ' 

composition between different ol,gonuc.eo,,des. In constructing the 1 T 

th 1S .nto sub-matrices with similar base compositions. Th,s may make i. eas er o define mT^m V 
differ slightly according to the base composition. * ' he Tm wh,cn may 

.o Autoradiograpy. especially with » P cauSes image ^gradation which 

-ng resolut,on; the limit for silver hal.de films is around 25 m.crons. Obviously some direct Jlr 
would be better. Ruorescent probes are envisaged: given the high c^cen^ 2 ^ 
^gon uc ,eo.ides. the ,ow sensi.iv.ty 0( florescence may not be a problem C ° nCemrat,0n of tne ^ 
We have cons.derable experience of scanning autoradiographic images with a d.c.tisino n 
-s present design ,s capable of resolution down ,o 25 m.crons. which could readily be etrZ ITn t 

than en( a llCatl0n . depend , ng on ^ ^ q , ^ ^ down p *ss 

d, ,ngu,sh,ng absence of a sequence from the presence of one or more. Oev.ces for measunno arrcnnV' 
cal piates have an accuracy around . um. Scan speeds are such that a matrix of save a. Z'n " ^ ' 

. :rzzT- so ' !ware ,or m ana,ys,s of ,he cata ,s - 

Experiments presented below demonstrate the feasibility of the claims 

Commercially available microscope si.ces (BOH Super Premium 75 x 25 * ; r-m) ■- 
C ' Sf ' vat,sed w,!h a ***** linker that can withstand the cond'it.on. V^c f~ 
_ d.pro.ec.on of the aromatic heterocyclic bases, i.e. 30% NH : at S5'C for 10 hour* Th* a rk .~ ~, 

' : n Cr y ,h Sr0 °l WniCn T 6$ 25 3 S!ar!in5 pC ' nt (ot ,he oi.gonudeo.iCeT.s ^mZ^r'C 

s.ep . .ns s:.des are first treated w„h a 25% solution of 3-glycdoxyprcpy.triethcxysilane T ^ 
cont^ng several drops of Hunig's base as a catalyst. The reaction is fLX^Vl'^ 'S-l 

^ainTJ TV""'?™ 31 90,C ? S S " deS WaSh6C Wm MS0K E! -"° « air ied. Then neat 
<• »0*c" or -o h f - f CS Sm ° Unl °' concentfa;sd *««P"«»c ac^ are added and :r.e mixture v 
- J)C .or ,0 hours, me s.,ces are washed w,;h MeOH. Si,0. a,r dried ar.d stored desiccated a; wc'^i 

The oligonucleotide synthesis cycle is performed as follows: * 
i p.* coupling solution „ made up fresh fcr each step by mixing 6 vol. of 0 S.vt t^azoie in « 
. ^ n Z^O T °' 2 °- 2M S °' Uti0n °' me "^'^ vanoethy.phosphoramic' Co f.^ ^ 

£ oncotc eol Ih?' "' 3% trich!oroacetic acld - *ch.oromethane allows further extension of 
=Lt sS on L ^' ■ n ° Ca ° PinS St6P S ' nCe eX " SS ° f P hcs P^^'*.es used over 
romSie"t- t * , Yn en ° U9h '° dfive the COuplin e 10 completion. After the synthes. ? s 

compiled, the oligonucleotide is deprotected in 30% NH, for 10 hours at 55°C The eh»mi M , . , , 

u r 7 ta 2 ' 6 ne ; 0 as 5 ,o 2:\ Th ; shape ot the pa,ch !o be «» «, o u: J.JS 

a rT! h ' " C W3S sandwiched between a microscope slide, derivatised as des-r-h^ 

ubtq , "a 0 7 e "° n °' ** ^ "* thlCkneSS - T ° tWs was a shor p 1 ece o "las ^ 

g ' S whote assemt;?" 1 "J 7^"" ^ C ° UP ' in9 S0 ' U,, ° n ° y Syf ^ e a " d » "-h the cav, " 

dr g cn. ine ^h 0 !e assembly was held together by fold-back paper clios After muni;™ ,^ . 

^assembled and the slide put through the subsequent chern^ ^ t ^ 5 Q Satn'w^ 
de.ntyla.ion by .rea.men, wim TCA, by dipping it into staining J3 rs. ' ° d ' r,e ' ^ 

EXAMPLE 1. 



As a first example we synthesised the sequences oligo-dT, 3 -oligo-dT, t on a slide bv om-.-« 
decreasing [he .eve, of the coupling solution in steps ,0 to u. Thus the ,0-mer was s mhes sed ^ 

omni ^ °L 6 S " de - thS M - mer 3t the bOUOm and the ' 12 and ,3 — s were in be ween We u"c'>0 
pmo. oiigo-dA,,. , abe ..ed a. the 5" end w,th -'P &y ,n e polynuc.eotide kinase reaction t0 a .ota, £Z fl " 
1.5 mm.on c.p.m.. as a hybridisation probe. Hybridisation was earned out in a perspex (Piex.olas, 

aihoTrn" a m r scope s,ide - w,,h ,2 mi ° ( ,m Naci t - sos.^r;: o? c 

rad a '„ S3me S0,Utl0n W " h0Ul 01 - able to detect more than 2000 c P s 

a radiation mon.tor. An autorad.ograph showed that a., the counts came from lhe a ea whe'r. • e 
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oligonucleotide had been synthes.sed. i.e. (here was no non-specific binding to the glass or to the region 
that had b-en cerivatised with the linker only. After partial elution in 0.1 M NaCI differential binding to the 
target is detectable, i.e. less binding to the shorter than the longer oligo-dT^ By gradually heating the_sl.de 
in ,h- wash solution we determ.ned the Tn (mid-point of trans.tion when 50% eluted) to be 33 C. -here 
wer»"no counts detectable after incubation at 39°C. The hybndisat.on and melting was repeated e.gnt t.mes 
w.th'no diminution of the signal. The result' is reproducible. We estimate that at least 5% of the input counts 
were taken up by the slide at each cycle. 

EXAMPLE 2. 



50 



in order to determine whether we would be able to distinguish between matched and mismatched 
0 „gonuc,eot,des we synthesised two sequences y CCC GCC OCT 6GA (cosL, and 3' CCC GCC TCT 
GGA which differ by one base at position 7. All bases except the seventh were added .n a rectangular 
catch At the seventh base, half of the rectangle was exposed in turn to add the two different bases, m two 
, 5 t Pes. Hybridisation of cosR probe ol.gonucleot.de (5' GGG CGG CGA CCT, (kinase labelled with -P to 
! , m.llion c p m 0.1 M NaCI. TE. 0.1% SOS) was for 5 hours at 32°C. The front of the sl.de showed ,00 
r os after rins.ng. Autoradiography showed that annealing occurred only to the part of the sl.de w.th the 
Mly complementary oligonucleotide. No signal was detectable on the patch with the mismatched sequence. 

20 EXAMPLE 3. 



For a further study of the effects of mismatches cr shorter sequences on hybridisation behav.our. we 
r 0 r«r u rt-d i-o arrays: one (a) of 24 oligonucleotides and the other (b) of 72 oligonucleotides. 
' *Th~e arrays were set out as shown in Table Wa> and Kb). The masks useo to lay down these arrays 
,*r* Cerent from those used in previous experiments. Lengths of silicone rubber tubing (im.m c.d.) were 
o,ued w,th sil.cone rubber cement to the surface of pia.n m.croscope slices, in the form of a "U" damping 
wes- rr.asks against a derivat.sed microscope slide produces a cavity into which the coupi.ng solut.on was 
.n.rcduced through a syr.nge. m this way oniy the part of the sl.de w.th.n the cav.ty came into contact w.th 
tn* oncsphoramid.te soM.on. Except m the pos.tions of me mismatched bases, the arrays l.sted .n Jade i 
w : f . la.d down using a mask wn.ch coverec mcst of the w.c:h of the s.,=e. Off-setting this mask by omm up 
c.'cown the cer,va.,sed slide m subsequent coupling react.ors produced the ol.gnudeot.ces truncated a; 

=o- f ^!nSoduc::on of mismatches a mask was used wn.cn covered half (lor array (a)) *r one th.rd (for 
array <b» of the width of the first mask. The oases at pos.fons s.x and seven were la.d down .r. two or three 
ior.o-d.nai str.oes. Th.s led to the synthes.s of oiigonudeouces differing by one base on each hai, (array 
,a» c7tn.ro (array (b„ of the si.de. m other pcs.tions. the sequences offered from the longest sequence oy 

ine absence of bases at the ends. . . 

I, array (b, there were two columns of sequences between those shown ,n Table Kb), .r. wn:.n ,ne 
cxth and seventh bases were m.ss.ng ,n all positions, because the slide was masked m a stnoe by the 
"s.i.cone rubber seal. Thus there were a total of 72 different secuences represented on tne shce .n 90 

different positions. _ ,o m «n*iM 

Tne 19-mer 5' CTC CTG AGG AGA AGT CTG C was used for hybnd.sation (2 m.ll.on cpm. 1.2 ml 0.1M 

NaCI m TE. 0.1% SDS. 20°C). _ 

In. wash.ng and elution steps were followed by au.oracography. .he sl.de was kept ,n the wasn.ng 
soiut.cn .or 5 min at each elution step and then exposed (45 m.n. intens.fied). E.ut.on temperatures were 23. 

36. -2. 47. 55 and 60°C respectively. . 

As indicated in the table, the oligonucleotides showed different meit.ng behav.our. Sho 
oiigonucieot-des melted before longer ones, and at S5»C. only the perfectly matched 19-mer was stable, a., 
other oligonucleotides had been eluted. Thus the method can difference between a 18-mer and a 19-mer 
which differ only by the absence of one base at the end. Mismatches at the end of the oi.gonudeot.des and 
at .nternal sites can all be melted under condit.ons where the perfect duplex rema.ns. 

Thus we are able to use very s-ringent hybndisat.on conditions that elim.nate anneal.ng ,o m.srr.atch 
sequences or to oligonucleotides d.«e.,ig in length by as little as one base. No other method using 
hybnd.sat.on of oligonucleotides bound to tne solid supports .s so sens.tive to the effects of m.smatch.ng 
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EXAMPLE 4, 

To test the application of the invention to diagnosis of inherited diseases, we hybridised the array (a), 
wnich carries the oligonucleotide sequences specific for the wild type and the sickle cell mutations of the 

5 globin gene, with a 110 base pair fragment of ONA amplified from the £-globin gene by means of the 
polymerase- chain reaction (PGR). Total ONA from the blood of a normal individual (1 microgram) was 
amplified by PCR in the presence of appropriate primer oligonucleotides. The resulting 110 base pair 
fragment was purified by elecrophoresis through an agarose gel. After elution. a small sample (ca. 10 
picogram) was labelled by using a- 32 P-dCTP (50 microcurie) in a second PCR reaction. This PCR contained 

jo only the upstream priming oligonucleotide. After 60 cycles of amplification with an extension time of 9 min 
the product was removed from precursors by gel filtration. Gel electrophoresis of the radioactive product 
showed a major band corresponding in length to the 110 base fragment. One quarter of this product 
-(100.000 c.p.m. in 0.9 M NaCI. TE. 0.1% SOS) was hybridised to the array (a). After 2 hours at 30°C ca. 
15000 c.p.m. had been taken up. The melting behaviour of the hybrids was followed as described for the 

is i9-mer m example 3. and it was found that the melting behaviour was similar to that of the oligonucleotide. 
That is to say. the mismatches considerably reduced the melting temoerature of the hybrids, and conditions 
were readily found such that the perfectly matched duplex remained whereas the mismatched duplexes had 
fully melted. 

Thus tr.e invention can be used to analyse long fragments of ONA as well oligonucleotides, and this 
20 example shows how it may be used to test nucleic acid sequences for mutations. In particular it shows how 
it may be aopiied to tre diagnosis of genetic oseases. 

EXAMPLE 5. 

J5 "o tes: an automated system for laying down the precursors, the cosL oligonucleotide was syr.tresised 
with 1 1 of the 12 bases added in the way described above. For the addition of the seventh base, however, 
the slice was transferred into an argon filled chamber containing a pen plotter. The pen of tr.e plotter rac 
teen replaced by a component, fabricated from Nylon, which had the same shape and dimensions as T.e 
pen. but wnich earned a poiytetrafluoroethylene (PTF5) tube, thrcugn which chemicals could be deiiverec 

20 to the surface of the glass slide which lay on the bed of the plotter. A microcomputer was usee to centre' 
tne plotter anc the syringe pump whtcn delivered the chemicals. The pen, carrying the delivery tube .'rem 
the syringe, was moved into position above the slide, the pen was lowered and the pump^ctivated to lay 
ccv-n coupling solution, rilling the pen successively with G. T and A phosphoramidite solutions an array ci 
twelve soots was laid down in three groups of four, with three different oligonucleotide sequences. After 

25 hycndtsaticn to cosR. as described m Example 2. and autoradiography, signal was seen only over the four 
spc:s cf perfectly matched oligonucleotides, where the dG had been added, 
in conclusion, we have demonstrated the following: 

1. it is possible to synthesise oligonucleotides in good yield on a flat glass plate. 

2. Multiple sequences can be synthesised on the sampie in small spots, at high density, by a sample 
-:Q manual crocedure. or automatically using a computer controlled device. 

3. Hybridisation to the oligonucleotides on the 'plate can be carried out by a very simple procedure. 
Hybridisation is efficient, and hybrids can be detected by a short autoradiographic exposure. 

■i. Hybridisation is specific. There is no detectable signal on areas of the plate where there are r.c 
oligonucleotides. We have tested the effects of mismatched bases, and found that a single mismatches 
■is base at any position in oligonucleotides ranging in length from l2*mer to 19-mer reduces the stability c- 
the hybrid sufficiently that the signal can be reduced to a very low level, while retaining sigmficar; 
hybridisation to the perfectly matched hybrid. 

5. The oligonucleotides are stably bound to the glass and plates can be used for hybndisa-icr 
repeatedly, 

so The invention thus provides a novel way of analysing nucleotide sequences, which should find a .m:-- 
range of application. We list a number of potential applications below: 

Small arrays of oligonucleotides as fingerprinting and mapping tools 

55 Analysis of known mutations including genetic diseases. 

Example 4 above shows how the invention may be used to analyse mutations. There are many 
applications for such a method, including the detection of inherited diseases. 
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Genomic fingerprinting. 

In the same way as mutations which lead to disease can be detected, the method could be used to 
detect point mutations in any stretch of DNA. Sequences are now available for a number of regions 

s containing the base differences which lead to restriction fragment length polymorphisms (RFLPs). An array 
of oligonucleotides representing such polymorphisms could be made from pairs of oligonucleotides 
representing the two allelic restriction sites. Amplification of the sequence containing the RFLP. followed by 
hybridisation to the plate, would show which alleles were present in the test genome. The number of 
oligonucleotides that could be analysed in a single analysis could be quite large. Fifty pairs made from 

jo selected alleles would be enough to give a fingerprint unique to an individual. 

Linkage analysis. 

Applying the method described in the last paragraph to a pedigree would pinpoint recombinations. Each 
?5 pair of spots in the array would give the information that is seen in the track of the RFLP analysis, using gel 
electrophoresis and blotting, that is now routinely used for linkage studies. It should.be possible to analyse 
many alleles in a single analysis, by hybridisation to an array of allelic pairs of oligonucleotides, greatly 
simplifying the methods used to find linkage between a DNA polymorphism and phenotypic marker such as 
a disease gene. 

20 The examples above could be carried out using the method we have developed and confirmed by 
experiments. 

Large arrays of oligonucleotides as sequence reading tools. 

55 We have shown that oligonucleotides can be synthesised in small patches in precisely ceierrr.ir.ee 
positions by one of two methods: by delivering the precursors through the pen of a pen-plotter, cr by 
masking areas with silicone rubber. It is obvious how a pen plotter could be adapteo to synthesise large 
arrays with a different sequence in each position. For some applications the array should be a predeter- 
mined, limited set; for other applications, the array should comprise every sequence of a preceterrmnec 

jo length. The masking method can be used for the latter by laying down the precursors in a mask wm:;, 
procuces intersecting lines. There are many ways in which this can be done and we gwe one example for 
illustration: 

1. The first four bases. A. C. G. T. are laid in four broad stripes on a square plate. 

2. The second set is laid down in four stripes equai in width to tne first, and orthogonal to them T. u r 
:5 array is now composed of all sixteen dmudeotides. 

3 The third and fourth layers are laid down in four sets of four stripes one quarter the width of the firs: 
stripes. Each set of four narrow stripes runs within one of the broaaer stripes. The array is now 
composed of all 256 tetranudectides. 

4. The process is repeated, each time laying down two layers with stripes which are one quarter the 
-c ' width of the previous two layers. Each layer added increases the length of the oligonucleotides by o-e 
base, and the number of different oligonucleotide sequences by a factor of four. 

The dimensions of such arrays are determined by the width of the stripes. The narrowest stripe we 
have laid is imm. but this is clearly not the lowest limit. 

There are useful applications for arrays in which part of the sequence is predetermined and part rr.zzz 
j$ up of all possible sequences. For example: 

Characterising mRNA populations. 

Most mRNAs in higher eukaryotes have the sequence AAUAAA close to the 3" end. The array usee t: 
so analyse mRNAs would have this sequence all over the plate. To analyse a mRNA population it wou'd 
hybridised to an array composed of all sequences of the type N m AATAAAN n . For m + n = 8. which sr.cuic 
be enough to give a unique oligonucleotide address to most of the several thousand mRNAs that £ 
estimated to be present in a source such as a mammalian cell, the array would be 255 elements scua-r 
The 256 x 256 elements would be laid on the AATAAA using the masking method described above. W.r 
55 stripes of around imm. the array would be ca. 256mm square. 

This analysis would measure the complexity of the mRNA population and could be used as a bas:s iy 
comparing populations from different cell types. The advantage of this approach is that the differences >n 
the hybridisation pattern would provide the sequence of oligonucleotides that could be used as probes ic 
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isolate all "the mflNAs that differed in the populations. 
Sequence determination. 

5 To extend the idea to determine unkown sequences, using an array composed of all possible 

oligonucleotides of a chosen length, requires larger arrays than we have synthesised to date. However, it is 
possible to scale down the size of spot and scale up the numbers to those required by extending the 
methods we have developed and tested on small arrays. Our experience shows that the method is much 
simpler in operation than the gel based methods. 

ro 
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ss Claims 

1. A method of analyzing a polynucleotide sequence, by me use ot a support to the surface of wh.cn lS 
attached an array of the whole or a chosen part of a complete set of oligonucleotides of chosen 
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lengths, the different oligonucleotides occupying separate cells of the array, which method comprises 
labelling the polynucleotide sequence or fragments thereof, applying the polynucleotide sequence or 
fragments thereof under hybridisation conditions to the array, and ooserving the location of the label on 
the surface associated with particular members of the set of oligonucleotides. 

5 

2. A method according to claim i. applied to the study of differences between polynucleotide sequences, 
wherein the array is of the whole or a chosen part of the complete set of oligonucleotides of chosen 
lengths comprising the polynucleotide sequences. 

to 3. A method as claimed in claim 2. wherein the array comprises one or more pairs of oligonucleotides of 
chosen lengths. 

4. A method as claimed in claim 3. wherein the array comprises one or more pairs of oligonucleotides 
representing normal and mutant versions of a point mutation being studied. 

5. A method according to any one of claims 1 to 4. wherein the polynucleotide sequence is randomly 
degraded to form a mixture of oligomers of a chosen length, the mixture being thereafter labelled to 
form labelled material which is applied to the array. 

20 6. A method as claimed in claim 5. wherein the oligomers are labelled with 3: P. 

7. A method as claimed in any one of claims I to 6. wherein the chosen length of the oligonucleotides is 
from 8 to 20 nucleotides. 

:$ 8. A method as claimed in any one of dams i to 7. wherem each oligonucleotide is bounc to the sccpor- 
by a covalent link through a terminal nucleotide. 

9. A method as claimed in any one of claims l to 8. wherein the oligonucleotide at each cell has a defined 
sequence. 

:o 

10. Apparatus suitable for analysing a polynucleotide sequence by the method of any one of claims i to 9 
comprising a support and anached to a surface thereof an array of the whole or a c*osen part of a 
complete set of oligonucleotides of chosen lengths, the different oligonucleotides occupying separate 
ceils of the array and being capable of taking part in hybridisation reactions. 

:s ■ ■ , 

11. Apparatus as claimed in claim 10 for studying cifferences between polynucleotide sequences, wherem 
the array is of the whole or a chosen part of a complete set of oligonucleotides of chosen lengths 
comprising the polynucleotide sequences. 

-•o 12. Apparatus as claimed in claim 11. wherein the array comprises one or more pairs of oligonucleotides of 
chosen lengths. 

13. Apparatus as claimed in claim 12. wherein the array comprises one or more pairs of oligonucleotides 
representing normal and mutant versions of a point mutation to be studied. 

-5 

14. Apparatus for determining the sequence of a polynucleotice comprising a support having attached to a 
surface thereof an array of different oligonucleotides with defined sequences, the oligonucleotides 
occupying cells of the array and being attached to the surface, wherein the defined sequence of an 
oligonucleotide of one cell of the array is different than the defined sequence of an oligonucleotide cf 

so another cell of the array. 

15. Apparatus for analysing a polynucleotide, the apparatus comprising a support segregated mto at isas; 
two defined cells, each cell having attached thereto oligonucleotides with known sequence, where the 
sequence of the oligonucleotides of a first cell is different than the sequence of the oligonucleotides of 

55 a different cell. 

16. " Apparatus as claimed m any one of claims 10 to 15. wherein the chosen length of the oligonucleotides 

is from 8 to 20 nucleotides. 
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17. Apparatus as claimed in any one of claims 10 to 16. wherein the surface of the support to which the 
oligonucleotides are attached is of glass. 

18. Apparatus as claimed in any one of claims 10 to 17. wherein each oligonucleotide is bound to the 
5 support by a covalent link through a terminal nucleotide. 

19. A method for generating, for the apparatus of claim 14, an array of oligonucleotides of chosen lengths 
within discrete cells of a support material comprising the steps of 

a) segregating a support material into discrete cell locations; 
io b) coupling a nucleotide to a first set of cell locations; 

c) coupling a nucleotide to a second set of cell locations: 

d) coupling a nucleotide to a third set of cell locations: 

e) and continuing the sequence of coupling steps until the desired array has been generated. 

the coupling being effected at each location either to the surface of the support or to a nucleotide 
;s coupled in a previous step at that location. 

20. The method of claim 19 wherein a microcomputer controlled plotter delivers the nucleotides to said 
sets of cell locations. 

20 21. The method of claim 19 or claim 20 wherein the size of each discrete cell is between 10 and 100 urn. 

22. Tne method of any one of claims 19 to 21 further comprising the use of means for coupling said 
nucleotides to a particular set of discrete cell locations to the exclusion of other discrete cell locanons. 

25 23. The method ot claim 22 wherein said means is a mask. 

Patentanspriiche 

1. Verfahren zur Analyse e.ner Polynukleot.d-Sequenz. be- dem ein Trager verwendet wird. an aessen 
30 Oberfiache e.ne Anordnung aes gesamten oder eines ausgewahiten Teils einer voUstandigen Gruope 
von Oligcr.uklectiden ausgewahiter Langen gebunden ist. wobe. die versch.edenen Oiigonukieot.de 
seoarate Zelien der Anordnung besetzen. wobei be. dem Verfahren die Polynukleotid-Sequenz oder 
Fragrnente davon markiert werden. die Polynukleot.d-Seouenz ocer Fragmente davon unter Hybndisie- 
rungsbedincungen auf d.e Anordnung aufgebracnt werden und d.e Lokalisierung der Mark.erung auf der 
OberMache.*d:e mit besummren Bestancte.ien der Gruppe von Oi.gonukleotiaen verbunden ist. beob* 



achtet wire. 



2. Verfahren r.ach Anspruch t. verwendet zur Untersuchung von Umerschieden zwischen Poiynukleotid* 
Sequenzen. bei dem d.e Anordnung aus dem gesamten oder einem ausgewahiten Teit der voUstandi- 
gen Grupoe von Oligonukieotiden ausgewahiter Langen besteht. weiche die Poiynukleot.d-Sequenzen 
aufweist. 

3. Verfahren nach Anspruch 2. wobei d.e Anordnung ein oder mehre're Paare von Oi.gonukleotiaen 
ausgewahiter Langen aufweist. 

4. Verfahren nach Anspruch 3. wobei d-e Anordnung ein oder mehrere Paare von Oligonukieotiden 
aufweist. die Normal- und Mutantenversionen einer untersuchten Punktmutation darstellen. 

5. Verfahren nach einem der Anspruche 1 bis 4, wobei die Polynukleotid-Sequenz statistisch zur B.ldung 
eines Gem.sches von Oligomeren ausgewahiter Langen abgebaut wird. wobei das Gemisch danach zur 
Bildung von markienem Material, das auf die Anordung aufgebracnt wird. markiert wird. 

6. Verfahren nach Anspruch 5. wobei die Oligomeren mit 2: P mark.erl werden. 

55 7. Verfahren nach einem der Anspruche i b.s 6. wobei die ausgewahite Lange der Oligonukleohde 3 b.s 
20 NuKleonde betragt. 
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8. Verfahren nach einem der Anspruche i bis 7, wobei jedes Oligonukleotid mit einer kovalenten Bindung 
durch ein terminales Nukleotid an den Trager gebunden is t. 

9. Verfahren nach einem der Anspruche 1 bis 8. wobei das Ofigonuklectid in jeder Zeile eine definierte 
5 Sequenz besitzt. 

10. Vorrichtung, we!che zur Analyse emer Polynukleotid-Sequenz mit dem Verfahren nach einem der 
Anspruche 1 bis 9 geeignet ist. die einen Trager und an eine Oberflache davon gebunden eine 
Anordnung des gesamten oder eines ausgewahlten Teils einer vollstandigen Gruppe von Oligonukleoti- 

io den ausgewahlter Langen aufweist. wobei die verschiedenen Oligonukleotide separate Zellen der 
Anordnung besetzen und an Hybridisierungsreaktionen teilnehmen konnen. 

11. Vorrichtung nach Anspruch IO zur Untersuchung von Unterschieden zwischen Polynukleotid-Sequen- 
zen. bei dem die Anordnung aus dem gesamten oder emem ausgewahlten Tetl einer vollstandigen 

15 Gruppe von Oligonukleotiden ausgewahlter Langen besteht. welche die Polynukleotid-Sequenzen 
aufweist. 

12. Vomchtung nach Anspruch n. wobei die Anordnung ein oder mehrere Paare von Oligonukleotiden 
ausgewahlter Langen aufweist. 

20 

13. Vorrichtung nach Anspruch 12. wcbei die Anordnung e«n oder mehrere Paare von Oligonuklecticen 
aufweist. die Normal- und Mutantenversionen einer zu untersuchencsn Punktmutation darstelien. 

14. Vomchtung zur eestimmung der Sequenz ernes Polynukieotids, die einen Trager aufweist. an dessen 
:s eine Ocerfiache eine Anordnung von verschiedenen Oligonukleotiden mit definierten Secuer.zen 

gebuncen is:, wobei die Oligonukleotide Zellen der Anordnung besetzen und an die Oberfiacne 
gebunden sind. wobei die definierte Sequenz eines Oligcnukleotids einer Zeile der Anordnung s>ch vcn 
der defimerten Sequenz ernes Oligonukleotids einer anderen Zeile der Anordnung untersche>cet. 

20 15. Vomchtung zur Analyse e.nes Polynukieotids. wobei die Vorrichtung einen Trager aufweist. der in 
m.ncestens zwei definierte Zellen aufgeteilt ist. wobei an jede Zeile Oligonukleotide m.t cekanrter 
Sequenz gebunden s.nd. wobei die Sequenz cer Oligonukleotide einer ersten Zell* s<ch von cer 
Sequenz cer Oligonukleotide einer anCacen Zeile unterscheidet. 

25 15. Vomchtung nach einem der Anspruche 10 bis 1 5. wobe. die ausgewahlie Lange cer Otigonukleotiae S 
bis 20 Nukieotide betragt. 

17. Vorrichtung nach einem der Anspruche 10 bis 16. wobei die Oberflache des Tragers. an den die 
Oligonukleotide gebunden smd. aus Gias ist. 

40 

18. Vorrichtung nach einem der Anspruche 10 bis 17, wobei jedes Oligonukleotid mit einer kovalenten 
Bindung durch ein terminales Nukleotid an den Trager gebunden ist. 

19. Verfahren zur Erzeugung, namlich fur die Vorrichtung nach Anspruch U. einer Anordnung vcn 
45 Oligonukleotiden ausgewahlter Langen in diskreten Zellen eines Tragermaterials. bei dem 

a) ein Tragermaterial in diskrete Zell-Lokalisierungen aufgeteilt wird; 

b) ein Nukleotid an eine erste Gruppe von Zell-Lokalisierungen gekuppelt wird: 

c) ein Nukleotid an eine zweite Gruppe von Zell-Lokalisierungen gekuppelt wird: 

d) ein Nukleotid an eine dritte Gruppe von Zell-Lokalisierungen gekuppelt wird: und 

so e) die Sequenz der Kupplungsschritte fortgeseizt wird. bis die gewunschte Anordnung erzeugt !*:. 

wobei die Kupplung an jeder Lokalisierung entweder an die Oberflache des Tragers Oder ar. .e.r. r 
einem vorherigen Schntt an diese Lokalisierung gekuppeltes Nukleotid erfolgt. 

20. Verfahren nach Anspruch 1 9. wobei e.n Mikrocomputer-gesteuerter Plotter die Nukleot.de an z-.z 
55 Gruppen von Zell-Lokalisierungen abgibt. 

21. Verfahren nach Anspruch 19 Oder Anspruch 20. wobei d.e Grofle jeder diskreten Zeile zw.scnen io ur.c 
100 urn liegt. 



15 



EP 0 373 203 B1 



22. Verfahr'en nach einem der Anspruche 19 bis 21. bei dem auOerdem eine Einrichtung zur Kupplung der 
Nukleotide an eine bestimmte Gruppe von diskreten Zeil-Lokalisierungen unter Ausschlufl von anderen 
diskreten Zell-Lokalisierungen verwendet wird. 

5 23. Verfahren nach Anspruch 22. wobei es sich bei der Einrichtung um eine Maske handelt. 
Revendications 

1. Procede d'analyse d'une sequence de polynucleotide par utilisation d'un support a la surface duquel 
io est attache une serie de la totalite ou d'une partie d'un ensemble complet d'oligonucleotides de 

longueurs choisies. les differents oligonucleotides occupant des cellules separees de la serie. dans 
lequel on marque la sequence de polynucleotide ou des fragments de cette sequence, on applique la 
- sequence de polynucleotide ou ses fragments dans des conditions d'hybridation a la serie. et on 
observe la localisation de la marque a la surface associee a des membres paniculiers de I'ensemble 
is d'oligonucleotides. 

2. Procede salon la revendication 1. applique a I'etude des differences entre les sequences de polynu- 
cleotides, ou la serie est celie de la totalite ou d'une pame choisie de I'ensembie complet d'oiigonu- 
deotides ce longueurs choisies constituent les sequences de polynucleotides. 

20 

3. Procede seion la revendication 2. dar.s lequel la serie comprend une ou plusieurs paires d'oligonudeo- 
tides ce longueurs choisies. 

4. Procede seion la revendication 3. dans lequel la serie comprend une ou plusieurs paires d'oiigonucleo- 
25 tides representan: les versions ncrmale et mutante d'une mutation ponctuelle que Ton etudie. 

5. Procede seion I'une quelconque ces revendications 1 a 4. dans lequel la sequence de polynudeotice 
est degracee ce facon aleatoire pour former un melange d'oligomeres d'une longueur choisie. le 
melange e;an; ensuite marcue pour former une matiere marquee qui est appliquee a la serie. 

30 

6. Procede seion la revendication 5. cans lequei les oligomers sont maraues avec "P. 

7. Procede seicn r u ne quelconque des revendications 1 a 6. dans lequel la longueur choisie ces 
oliGcnucieonces est de 3 a 20 nucleotides. 

35 

8. Procede seion i'une quelconque des revendications i a 7. cans lequel chaque oligonucleotide est he au 
support pa; une liaison ce covaience par Tintermediaire d'un nucleotide terminal. 

9. Procede seion i'une quelconque des revendications i a 8. dans lequel ['oligonucleotide a cheque 
jo cellule a une sequence definie. 

10. Appareil aporcprie pour analyser une sequence de polynucleotide par le procede de Tune queiconcue 
aes revendications i a 9 comprenant un suoport et. attacnee a une de ses surfaces, une serie de ta 
totalite ou d'une partie chotsie d'un ensemble complet ©"oligonucleotides de longueurs cho»sies. les 

-5 differents oligonucleotides occupant des cellules separees ce la serie et etant capables de prendre pa.-; 
a des reactions d'hybridation. 

11. Appareil seion la revendication 10 pour etudier les differences entre les sequences de polynucleotides, 
ou la serie est celie de la totalite ou d'une partie choisie d'un ensemble complet d'oligonudectiaes ce 

so longueurs choisies constituant les sequences de polynucleotides. 

12. Appareil seion la revendication 11. dans lequel la serie comprend une ou plusieurs paires d'ongon^- 
cleotides de longueurs choisies. 

55 13. Appareil seton la revendication 12. dans lequel la sene comprend une ou plusieurs paires d'oiigonu- 
deotides representam les versions normale et mutante d'une mutation ponctuelle a etudier. 
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14. Appareil pour determiner ta sequence d'un polynucleotide comprenant un support a une surface duque! 
est anachee une serie d'oligcnucleotides ditferents ayant des sequences definies. les oligonucleotides 
occupant des cellules de la serie et etant attaches a la surface, ou la sequence define dun 
oligonucleotide d'une cellule de la serie est differente de la sequence definie d'un oligonucleotide d'une 

5 autre cellule de la serie. 

15. Appareil pour analyser un polynucleotide. I'appareil comprenant un support separe en au moins deux 
cellules definies. avec fixation sur chaque cellule d'oligonucleotides de sequences connues. ou la 
sequence des oligonucleotides d'une premiere cellule est diferente de la sequence des oligonucleoti- 
de? des d'une cellule differente. 

16. Appareil selon Tune quelconque des revendications 10 a 15. dans lequel la longueur choisie des 
oligonucleotides est de 8 a 20 nucleotides. 

is 17. Appareil selon I'une quelconque des revendications 10 a 16. dans lequel la surface du support auquel 
les oligonucleotides sont attaches est de verre. 

13. Appareil selon I'une quelconque des revendications 10 a 17. dans lequel chaque oligonucleotide est lie 
au support par une liaison de ccvalence par I'intermediaire d'un nucleotide terminal. 

30 

19. Procede pour generer. pour I'appareil de la revendication 14. une serie d'oiigenucieoudes de longueurs 
choisies dans des cellules discretes d'une matiere support, comprenant les eiapes ce 

a) separation d'une matiere support en localisations de cellules discretes; 

b) couplage d'un nucleotide a un premier ensemble de localisations de cellules; 
25 C ) couplage d'un nucleotide a un second ensemble de localisations de cellules; 

d) couplage d'un nucleotide a un troisieme ensemble de localisations de cellules; 

e) et poursuite de la sequence d'etapes de couplage jusqu'a ce cue la serie desiree ait e:e generee. 
te couplage etant effectue a chaque localisation soit a la surface du support, soit a un nudeotice 

couple dans une etape precedence a cette localisation. 

20. Procede de la revendication 19 cans lequel un appareil de restitution commands par mtcrc-crcmateur 
deiivre les nucleotides auxdits ensembles de localisations de cellules. * 

21. Procede de la revendication 19 ou de la revendication 20 dans lequel la taiiie de chaque cellule 
35 discrete est comprise entre 10 et 100 urn. . 

22. Procede de I'une quelconque des revendications 19 a 21 comprenantt en outre ['utilisation de moyens 
pour coupler iesdits nucleotides a un ensemble particulier de localisations de cellules discretes a 
I'exclusion d'autres localisations de cellules discretes. 

-o 

23. Procede de la revendication 22 dans lequel ledit moyen est un masque. 
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